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(57) Abstract 



An interface device and method for interfacing instruments to a vascular access simulation system serve to interface peripherals in 
the form of mock or actual medical instruments to the simulation system to enable simulation of medical procedures. The interface device 
includes a catheter unit assembly for receiving a catheter needle assembly, and a skin traction mechanism to simulate placing skin in traction 
or manipulating other anatomical sites for performing a medical procedure. The catheter needle assembly and skin traction mechanism 
are manipulated by a user during a medical procedure. The catheter unit assembly includes a base, a housing, a bearing assembly and a 
shaft that receives the catheter needle assembly. The bearing assembly enables translation of the catheter needle assembly, and includes 
bearings that enable the shaft to translate in accordance with manipulation of the catheter needle assembly. The shaft typically includes an 
encoder to measure translational motion of a needle of the catheter needle assembly, while the interface device further includes encoders to 
measure manipulation of the catheter needle assembly in various degrees of freedom (e.g., translation, pitch and yaw) and the skin traction 
mechanism. Alternatively, the shaft may include an additional encoder to measure translational motion of an instrument inserted through 
the catheter needle assembly. The simulation system receives measurements from the interface device encoders and updates the simulation 
and display, while providing control signals to the force feedback device to enable application of force feedback to the catheter needle 
assembly. 
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1 

2 

3 INTERFACE DEVICE AND METHOD FOR INTERFACING INSTRUMENTS TO 

4 VASCULAR ACCESS SIMULATION SYSTEMS 

5 

6 CROSS-REFERENCE TO RELATED APPLICATIONS 

7 This application claims priority from U.S. Provisional Patent Application Serial No. 

8 60/072,809, filed January 28, 1 998 and entitled "Vascular Access Training System and 

9 Method". The disclosure in that provisional patent application is incorporated herein by 

10 reference in its entirety. 

11 BACKGROUND OF THE INVENTION 

12 1. Technical Field 

13 The present invention pertains to computerized simulation systems, generally of the 

14 types disclosed in: International Publication Number WO 96/28800, published September 

15 1 9, 1 996 and entitled "Computer Based Medical Procedure Simulation System"; U.S. Patent 

1 6 Application Serial No. 08/923,477, filed September 4, 1 997 and entitled "Interventional 

17 Radiology Interface Apparatus and Method"; and U.S. Patent Application Docket No. 

1 8 CO 1 36.HTM, filed January 27, 1 999 and entitled "Interface Device and Method for 

19 Interfacing Instruments to Medical Procedure Simulation Systems". The disclosures of the 

20 above-referenced international publication and patent applications are incorporated herein by 

21 reference in their entireties. In particular, the present invention pertains to an interface device 

22 for interfacing instruments to simulation systems to train medical professionals to access 

23 veins for introduction of various fluids into and sampling blood from the accessed veins. 

24 2. Discussion of Related Art 

25 Generally, performance of various medical procedures, such as vascular access 

26 procedures, requires great skill to avoid complications that may cause injury to a patient. 

27 Medical practitioners typically need to acquire the necessary skill levels and experience to 

28 perform these types of procedures in order to ensure successful performance on patients. 

29 Although practicing medical procedures on live patients provides excellent training, a 

30 procedure may usually only be performed a limited number of times on a particular live 

3 1 patient, and may require the presence of a skilled practitioner to supervise and oversee the 

32 procedure to avoid injury to the patient. Further, training medical professionals in medical 

1 
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1 procedures on live patients requires the use of proper facilities and equipment (e.g., hospital 

2 facilities and equipment), thereby incurring substantial costs and limiting procedure practice 

3 to a particular time and location. 

4 The prior art has attempted to overcome the above described disadvantages of 

5 utilizing live patients to train physicians or other medical professionals to perform various 

6 medical procedures by employing simulation techniques. In particular, U.S. Patent No. 

7 4,907,973 (Hon) discloses an expert system simulator for modeling realistic internal 

8 environments. The simulator may be utilized to simulate an endoscopic procedure, whereby a 

9 mock endoscope is inserted and manipulated within a model. The model includes a mock 

10 bodily region of interest and a plurality of sensors to detect the position of the endoscope. A 

1 1 computer receives signals from the sensors, and retrieves data from memory in accordance 

12 with those signals representing the view observed from the measured endoscope position 

1 3 during a real operation. The data is subsequently shown on a video display, whereby the 

14 displayed image is adjusted based on movement of the endoscope within the model. 

1 5 Alternatively, the simulator may be used to simulate an angioplasty-balloon operation, 

16 whereby a mock catheter is inserted and manipulated within an internal arterial modeling 

17 device. The internal arterial modeling device may include mock arterial paths with sensors to 

1 8 track the progress of the inserted catheter within those paths. A computer retrieves and 

19 processes data from storage based on sensor data received from the internal sensors, and 

20 sends the processed data to a display that provides a visual display simulating a realistic 

2 1 environment (e.g., a view of the catheter within an arterial network). 

22 U.S. Patent No. 4,642,055 (S aliterman) discloses a hemodynamic monitoring training 

23 system that allows medical professionals to obtain substantial experience in hemodynamic 

24 monitoring (e.g., placement of a catheter passed from a distant vein through the heart to the 

25 pulmonary vasculature for purposes of measuring intracardiac, pulmonary artery and wedge 

26 pressures to determine the type or extent of cardiopulmonary disease, to evaluate therapeutic 

27 measures and to monitor cardiac function). The system includes a trainer, computer, display, 

28 keyboard and mouse and simulates the catheterization process. A catheter having a balloon 

29 disposed at its distal end is inserted wit hin a trainer m anikin at a catheter insertion point. The 

30 balloon is typically inflated to assist the catheter tip through the heart, and may be inflated in 

31 the pulmonary artery to measure wedge pressure. The manikin includes tubes representing 

32 veins extending internally from the insertion points, and a position sensor that measures 

2 
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1 advancement of the catheter tip past the sensor. The sensor data enables the computer to 

2 determine the location of the catheter tip within a corresponding actual human body based on 

3 catheter manipulation within the trainer manikin. The computer receives signals from the 

4 trainer and may provide on the display a simulated fluoroscope image showing simulated 

5 movement of the catheter through the heart and vasculature. 

6 The Hon and Saliterman systems suffer from several disadvantages. Specifically, 

7 these systems utilize a physical model, thereby restricting training of a medical procedure to a 

8 particular bodily region or arterial paths defined by that model. Further, use of physical 

9 models degrades realism of the simulation and reduces the benefits of simulation training 

10 since the models usually do not contain substantially the same complex anatomy as an actual 

1 1 body, and permit a physician or other medical professional to become accustomed to 

12 performing a procedure on the same model anatomy. Performance of the procedure on 

1 3 another bodily region or through different arterial paths within the Hon and Saliterman 

14 systems typically requires a new model or substantial modifications to an existing model, 

15 thereby limiting flexibility of the systems and increasing system costs. Moreover, the 

16 Saliterman system does not provide com puter-controlled force feedb ack to an instrument, 

1 7 thereby degrading realism of the simulation and reducing the benefits of simulation training. 

18 In other words, the Saliterman system does not provide a computer simulated feel of forces 

19 applied to an instrument during an actual medical procedure. 

20 In order to overcome the disadvantages of utilizing physical models described above, 

21 medical procedure simulation systems employ virtual reality technology to simulate 

22 performance of a medical procedure on a virtual bodily region of interest. Various types of 

23 interface devices are typically utilized by these systems to enable a user to interact with the 

24 simulation system. In addition, the interface devices may provide force feedback to the user 

25 to simulate the forces encountered during an actual medical procedure. For example, 

26 International Publication Number WO 95/02233 (Jacobus et al) discloses a medical procedure 

27 simulation system that utilizes virtual reality technology and force feedback to provide an 

28 accurate simulation of endoscopic medical procedures. The system includes a display device, 

29 sound device, graphics/image processing engine and storage module and programmable 

30 tactile/force reflecting mechanisms (e.g., disposed within an interface device) that provide 

3 1 force feedback to generate the "feel" of medical instruments and the interaction of the 

32 instruments with an anatomical simulation. Force feedback is typically accomplished by a 

3 
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1 tactile/force reflecting mechanism via a four axis device that imparts forces and torques to a 

2 user's hands through a member representative of a medical instrument in response to 

3 manipulation of that member. The forces and torques are applied to the user's hands based on 

4 the position of the member in relation to characteristics of a geometric model of an organ or 

5 virtual reality simulation of a medical procedure environment. The forces and torques are 

6 typically generated by four servomotors that manipulate the member to provide a realistic feel 

7 during simulation. 

8 U.S . Patent No. 5,623,582 (Rosenberg) discloses a human/computer interface tool, 

9 typically for use with virtual reality simulation systems. The interface tool preferably 

10 interfaces a substantially cylindrical object, such as a shaft of a surgeon's tool, to a simulation 

1 1 system computer such that the computer may generate signals to provide a virtual reality 

12 simulation with force feedback applied to the object. The interface tool includes a gimbal 

13 mechanism, having two degrees of freedom, coupled to a support, and preferably three 

14 electromechanical transducers. The object, when engaged by the gimbal mechanism, may 

15 move with three degrees of freedom within a spherical coordinate space, whereby each 

16 transducer is associated with and senses a respective degree of freedom of motion of the 

1 7 object. A fourth transducer may be utilized by the interface tool to measure rotation of the 

18 object about an axis. Alternatively, the interface tool may accommodate catheter insertion 

19 virtual reality systems, typically utilizing catheters having two degrees of freedom of motion, 

20 whereby the interface tool includes two transducers that are associated with and sense 

21 translation and rotation of a catheter, respectively. The transducers of the interface tool may 

22 include actuators to impart a force upon the object to provide force feedback to a user. 

23 U.S. Patent N o. 5,821.920 (Rosenbe rg et al) discloses an apparatus for interfacing an 

24 elongated flexible object with an electrical system including an object receiving portion and a 

25 rotation transducer. The rotation transducer determines rotational motion of an elongated 

26 object when the object is engaged with the object receiving portion and provides an 

27 electrochemical interface between the object and electrical system. The rotation transducer 

28 may further include an actuator and translational transducer to further provide a translation 

29 electrochemical interface between the object and electrical system. A tandem configuration 

30 may be utilized for accommodating a device having an external shaft and an elongated 

3 1 flexible object. This configuration includes first and second object receiving portions that 

32 respectively accommodate the external shaft and elongated object. The first and second 

4 
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1 object receiving portions each have an actuator and translation transducer, whereby a rotation 

2 transducer is rotatably coupled to the second object receiving portion. In another 

3 embodiment, an object receiving portion may be part of a gimbal apparatus. The transducers 

4 of the interface device may be implemented as input transducers for sensing motion, or output 

5 transducers for imparting forces onto the elongated object. 

6 U.S. Patent No. 5.704,791 fGi llio) discloses a virtual surgery system that enables 

7 simulation of a surgical procedure using image data of a patient and devices simulating the 

8 physical instruments a surgeon utilizes in an actual procedure. Image data, corresponding to a 

9 portion of an anatomy in a three dimensional data set, is stored in a memory of a computer, 

1 0 whereby a user input device is used to move through the image data, while the image data is 

1 1 viewed on a display. A virtual surgery may be simulated based on the image data and 

12 manipulation of the input device. Further, force feedback may be provided based on physical 

1 3 constraint models or edge and collision detection between a virtual tool and walls or edges of 

14 the image data. Moreover, the virtual simulator may be utilized to record data of an actual 

1 5 surgical procedure, or as a remote telesurgery device. In addition, a surgical simulator user 

16 input device of the system includes a first virtual scope device attached to an end-portion of a 

1 7 hose that extends into and through a first virtual orifice and a box device. The first virtual 

1 8 orifice is attached at a top portion of the box device and accommodates the hose, while the 

1 9 box device includes an arrangement that handles and may further apply force feedback to the 

20 hose. A second instrument is attached to a shaft that extends through a second virtual orifice 

21 defined in the first virtual scope device. Signals from the first virtual scope device, the 

22 second instrument and/or the first and second virtual orifices are provided to the computer to 

23 enable simulation of a surgical procedure. 

24 The virtual reality systems described above suffer from several disadvantages. In 

25 particular, the virtual reality systems typically interface instruments to simulate a medical 

26 procedure. However, these systems do not provide a manner in which to simulate 

27 manipulation and preparation of an anatomical site where the procedure is performed, thereby 

28 limiting simulation and training to a portion of the medical procedure. Further, the 

29 instruments interfacing the virtual reality systems typically extend into an interface device 

30 force reflective mechanism (e.g., having actuators), or extend through an interface device and 

3 1 interface numerous components, thereby possibly causing the instrument translation^ motion 

32 to be jerky or inconsistent during manipulation. In addition, the Jacobus and Rosenberg (U.S. 

5 
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1 Patent No. 5,623,582) systems generally employ a plurality of actuators to provide force 

2 feedback to a single instrument, thereby increasing system complexity and cost. 

3 Another computer interface device for surgical simulation systems includes the 

4 Immersion PROBE produced by Immersion Corporation of Palo Alto, California. This 

5 interface device includes a pen-like stylus supported on a light-weight mechanical linkage 

6 having six degrees of freedom, and reports the position and orientation of the stylus to a 

7 computer via a serial port interface. Sensors are disposed at the linkage joints and send 

8 spatial coordinates (i.e., X, Y, Z) and orientation (i.e., roll, pitch, yaw) of the stylus to the 

9 computer. However, this interface device does not resemble a common medical instrument 

10 and does not provide a manner to apply computer controlled force feedback to the interface 

1 1 device, thereby degrading realism of a simulation and reducing benefits of simulation 

12 training. 



13 OBJECTS AND SUMMARY OF THE INVENTION 

14 Accordingly, it is an object of the present invention to enhance realism within a 

1 5 medical procedure simulation system by interfacing various peripherals in the form of mock 

16 medical instruments to the medical procedure simulation system via an interface device to 

17 enable realistic simulation of various aspects of a medical procedure. 

18 It is another object of the present invention to facilitate simulation of vascular access 

19 procedures via an interface device to provide realistic training of these procedures to medical 

20 practitioners. 

21 Yet another object of the present invention to provide enhanced training of a medical 

22 procedure to medical practitioners by enabling the medical practitioner to simulate 

23 manipulation and preparation of an anatomical site where the procedure is performed. 

24 Still another object of the present invention is to enhance realism within a medical 

25 procedure simulation system and to provide enhanced training of a medical procedure to 

26 practitioners by interfacing plural vascular access instruments (e.g., needle and catheter 

27 assembly) to the medical procedure simulation system via an interface device to enable 

28 realistic simulation of a vascular access and/or catheterization procedure. 

29 A further object of the present invention is to interface instruments to a medical 

30 procedure simulation system via an interface device that enables smooth motion of, and 

3 1 application of force feedback to, an instrument during a simulated procedure. 



6 
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1 The aforesaid objects are achieved individually and in combination, and it is not 

2 intended that the present invention be construed as requiring two or more of the objects to be 

3 combined unless expressly required by the claims attached hereto. 

4 According to the present invention, an interface device and method for interfacing 

5 instruments to a vascular access simulation system, typically including a computer system and 

6 display, serve to interface peripherals in the form of mock or actual medical instr uments to 

7 the simulation system to enable simulation of medical procedures. The interface device 

8 includes a catheter unit assembly for receiving a catheter needle assembly, and a skin traction 

9 mechanism to simulate manipulation of an anatomical site. The catheter needle assembly and 

1 0 skin traction mechanism are manipulated by a user during a medical procedure. The catheter 

1 1 unit assembly includes a base, a housing, a bearing assembly and a shaft that receives the 

12 catheter needle assembly. The housing is rotatably coupled to the base, while the bearing 

1 3 assembly is rotatably coupled to the housing, thereby enabling manipulation of the catheter 

14 needle assembly in two degrees of freedom (e.g., yaw and pitch, respectively). The bearing 

1 5 assembly enables translation of the catheter needle assembly, and includes bearings that 

16 enable the shaft to translate in accordance with manipulation of the catheter needle assembly. 

17 The shaft is coupled to a tension member that extends between the shaft proximal and distal 

1 8 ends, and about a pulley disposed between those ends. The tension member and pulley 

19 arrangement enables smooth motion of the catheter needle assembly. A force feedback 

20 device may be utilized to impede pulley rotation and apply force feedback to the catheter 

2 1 needle assembly. 

22 The shaft typically includes a n enco der to measure translational motion of a needle of 

23 the catheter needle assembly. Alternatively, the shaft may include an additional encoder to 

24 measure translational motion of an instrument inserted into the interface device through the 

25 catheter needle assembly. In addition, the interface device includes encoders to measure 

26 manipulation of the catheter needle assembly in various degrees of freedom (e.g., translation, 

27 pitch and yaw). 

28 The skin traction mechanism is utilized to simulate placing skin in traction or 

29 manipulating other anatomical sites for performing a medical procedure. The mechanism 

30 includes a belt disposed about and extending partially between first and second pulleys, 

3 1 whereby the belt is spring-biased to oppose manipulation by a user. An encoder disposed 

32 proximate the first pulley is utilized to measure manipulation of the mechanism. 

7 
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1 The simulation system receives measurements from the interface device encoders and 

2 updates the simulation and display to reflect catheter needle assembly and/or anatomical site 

3 manipulation. The simulation system further provides control signals to the force feedback 

4 device to enable application of force feedback to the catheter needle assembly. 

5 The above and still further objects, features and advantages of the present invention 

6 will become apparent upon consideration of the following detailed description of specific 

7 embodiments thereof, particularly when taken in conjunction with the accompanying 

8 drawings wherein like reference numerals in the various figures are utilized to designate like 

9 components. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

1 1 Fig. 1 is a block diagram of a vascular access training system including an interface 

1 2 device according to the present invention. 

13 Fig. 2 is a schematic illustration of an exemplary display for the vascular access 

14 training system of Fig. 1. 

1 5 Fig. 3 is a view in perspective of the interface device of the vascular access training 

16 system of Fig. 1. 

1 7 Fig. 4 is a side perspective view of a catheter unit assembly of the interface device of 

18 Fig. 3. 

19 Fig. 5a is an exploded view in elevation and partial section of a catheter needle 

20 assembly inserted within the catheter unit assembly of Fig. 4. 

21 Fig. 5b is a side view in elevation and partial section of an alternative embodiment of 

22 the catheter unit assembly of Fig. 5a. 

23 Fig. 6 is a side view in elevation and partial section of a force feedback unit of the 

24 catheter unit assembly of Fig. 4. 

25 Fig. 7 is a side perspective view of a skin traction mechanism of the interface device 

26 of Fig. 3. 

27 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

28 A vascular access training system for training medical professionals to access veins is 

29 illustrated in Figs. 1 - 2. The vascular access training system trains medical professionals to 

30 access veins in hospital and/or clinical settings for introduction of fluids into and sampling 

31 blood from the accessed veins. Basically, the vascular access training system may be utilized 

32 to train medical professionals to perform various techniques, such as peripheral vascular 

8 
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1 access, intravenous catheterization, peripherally inserted central catheter placement and 

2 central venous catheterization. Specifically, the vascular access training system includes a 

3 computer system 25, an interface device 30 and communications interface 24 for transferring 

4 signals between computer system 25 and interface device 30. Computer system 25 includes a 

5 monitor 28, base 26 (e.g., including processors), memories and accompanying hardware), 

6 keyboard 20 and mouse 22, and is typically implemented by a conventional or commercially 

7 available workstation, such as those manufactured by IBM, Dell or Silicon Graphics, Inc. A 

8 medical professional interacts with interface device 30, while observing the effects of the 

9 interaction on display 28. An exemplary display of the vascular access training system 

10 showing veins on the back of a hand is illustrated in Fig. 2. Computer system 25 processes 

1 1 signals received from interface device 30, via communications interface 24, to adjust display 

12 28 based on the interaction with the interface device. Coi pmunication s interface 24 includes 

13 a processor or other circuitry to sample signals from interface device 30 and transmit those 

14 signals to computer system 25. The computer system performs a simulation of the surface 

15 and subsurface anatomy of human skin, whereby positioning information of the various 

1 6 instruments (e.g., catheters and needles) utilized by interface device 30 is sampled at least 

1 7 once per update cycle. Computer system 25 determines the effects of instrument motion on 

18 the simulated human anatomy based on the positioning information. Anatomical models are 

1 9 deformed or otherwise adjusted to reflect needle and/or catheter motion with simulated results 

20 displayed by computer system 25 on monitor 28. In addition, resistive or reactive forces 

2 1 encountered by a medical professional during an actual procedure are imparted to the 

22 interface device instruments, via a force feedback mechanism, to enable the simulation to 

23 h ave a realistic fee las described below. 

24 Interface device 30 enables a medical professional to simulate vascular access as 

25 illustrated in Fig. 3. Specifically, interface device 30 includes a catheter unit assembly 34, a 

26 skin traction mechanism 36 and a case 32. Catheter unit assembly 34 is disposed within case 

27 32 and simulates the position of a catheter needle assembly that is manipulated by a medical 

28 professional during an actual vascular access procedure. Skin traction mechanism 36 is 

29 removably attached to an exterior surface of case 32 and simulates applying pressure and 

30 traction on a portion of a human anatomy, while performing a vascular access procedure. The 

3 1 medical professional manipulates the catheter needle assembly of catheter unit assembly 34 

32 and skin traction mechanism 36 to simulate performance of a vascular access procedure. 

9 
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1 Catheter unit assembly 34 for simulating catheter and needle positioning is illustrated 

2 in Figs. 4 and 5a. Specifically, catheter unit assembly 34 includes a base 60, a housing 50 

3 disposed on base 60, a bearing assembly 45 disposed on the housing, a catheter needle 

4 assembly 47 and a shaft 44 for receiving catheter needle assembly 47. The catheter needle 

5 assembly (Fig. 5a) is typically manipulated by medical professionals and includes needle 

6 assembly 68 and catheter hub 46. Needle assembly 68 includes a needle handle 48, needle 

7 shoulder 74 and needle shaft 72. The needle handle is disposed at the needle assembly 

8 proximal end with needle shoulder 74 positioned adjacent the needle handle. Needle shaft 72 

9 extends from needle shoulder 74 toward the needle assembly distal end. Catheter hub 46 is 

10 coupled to shaft 44 with a catheter tube 91 extending into the shaft via a revolving bearing 90 

1 1 to permit rotation of the catheter hub. The catheter hub includes cross-sectional dimensions 

12 greater than the cross- sectional dimensions of needle shaft 72 to receive the needle shaft in 

13 the catheter hub. The catheter hub further includes an O-ring 76 to serve as a stop or grip by 

14 engaging needle shoulder 74 as the needle shaft enters the catheter hub. An opening defined 

1 5 in catheter hub 46 adjacent revolving bearing 90 permits the needle shaft to be disposed 

16 through the catheter hub and extend into catheter tube 91 within shaft 44. The needle 

17 assembly is inserted into catheter hub 46 such that needle shaft 72 extends through revolving 

1 8 bearing 90 into catheter tube 91 within shaft 44. The needle shaft is secured against an etched 

19 bearing 80 within shaft 44 by a spring clip 88 (e.g., the catheter tube is sufficiently resilient to 

20 enable the spring clip to manipulate instruments within that tube), whereby the needle shaft 

2 1 contacts the etched bearing via an opening (not shown) in catheter tube 9 1 . The etched 

22 bearing includes light and dark bands wherein the etched bearing rotates as needle shaft 72 is 

23 inserted or withdrawn from shaft 44. An optical encoder 82 is disposed adjacent etched 

24 bearing 80 to sense the bands and measure rotation of the etched bearing, thereby providing 

25 an indication of the translational motion of the needle shaft into and out of the catheter hub. 

26 The communications interface determines a pulse count of encoder 82 indicating translational 

27 motion of the needle shaft and transmits this information to computer system 25. 

28 Alternatively, the catheter unit assembly may be configured to measure manipulation 

29 of coaxial devices, such as a wire or catheter inserted through a needle, as illustrated in Fig. 

30 5b. The catheter unit assembly is substantially similar to the catheter unit assembly described 

3 1 above for Fig. 5a, except that a wire is disposed through the catheter needle assembly and 

32 shaft 44 includes an additional encoder to measure wire manipulation. Specifically, the 

10 
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1 catheter needle assembly is inserted into shaft 44 as described above, whereby encoder 

2 assembly 87 is disposed toward the shaft proximal end to measure translational motion of 

3 needle shaft 72. Encoder assembly 87 includes a friction wheel 85, encoder disk 83 and 

4 encoder sensor 8 1 . Friction wheel 85 is disposed proximate catheter tube 9 1 and is coupled 

5 to encoder disk 83. Encoder disk 83 includes an alternating arrangement of reflective and 

6 non-reflective marks that are detected by encoder sensor 8 1 to measure encoder disk rotation. 

7 Encoder sensor 81 is preferably implemented by a reflective optical surface mount encoder, 

8 such as a Hewlett Packard HEDR-8000. Needle shaft 72 is pressed against friction wheel 85 

9 within shaft 44 by a spring clip 92. The needle shaft contacts friction wheel 85 via an 

10 opening 93 defined in catheter tube 91 . Translational motion of needle shaft 72 causes 

1 1 friction wheel 85 to rotate, thereby rotating encoder disk 83. Encoder sensor 81 measures 

12 encoder disk rotation, thereby providing an indication of needle shaft translational motion. 

13 A wire 49 may be passed through needle assembly 68 and extend beyond the needle 

14 shaft distal end within catheter tube 91 toward the shaft distal end. An encoder assembly 89 

1 5 is disposed toward the shaft distal end to measure translational motion of wire 49. Encoder 

16 assembly 89 is substantially similar to encoder assembly 87, and includes a friction wheel 84, 

17 encoder disk 86 and encoder sensor 88, each as described above for encoder assembly 87. The 

1 8 wire is pressed against friction wheel 84 within shaft 44 by a spring clip 94. The wire 

1 9 contacts friction wheel 84 via an opening 95 defined in catheter tube 9 1 . Translational 

20 motion of wire 49 causes friction wheel 84 to rotate, thereby rotating encoder disk 86. 

21 Encoder sensor 88 measures encoder disk rotation, thereby providing an indication of wire 

22 translational motion. 

23 Exemplary operation of the alternative configuration in relation to simulation of 

24 placement of a central venous catheter (CVC) is described. Specifically, needle shaft 72 is 

25 inserted into shaft 44, whereby the needle shaft translational motion is measured by encoder 

26 assembly 87 as described above. Wire 49 is subsequently inserted through needle assembly 

27 68, whereby the wire translational motion is measured by encoder assembly 89 as described 

28 above. Needle assembly 68 is removed entirely from the interface device, and a suitably 

29 sized catheter (not shown, e.g., having the approximate dimensions of the needle shaft) is 

30 threaded over wire 49 and inserted through hub 46 and into catheter tube 9 1 . Translational 

3 1 motion of the catheter and removal of needle assembly 68 are sensed by encoder assembly 87. 

32 Wire 49 is similarly removed to allow fluids to flow through the catheter, whereby 
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1 translational motion and removal of the wire are sensed by encoder assembly 89. The 

2 encoder assembly measurements are provided to the computer system to update the 

3 simulation and display. 

4 Referring back to Fig. 4, the catheter needle assembly is inserted into a proximal end 

5 of shaft 44 with catheter hub 46 rotatably coupled to that shaft. The distal end of shaft 44 is 

6 disposed through bearing assembly 45 to enable the shaft to be translated. Bearing assembly 

7 45 includes bearings 38, 40, 42 arranged in a triangular fashion with bearing 38 disposed 

8 between bearings 40, 42. The distal end of shaft 44 is disposed through bearing assembly 45 

9 such that the shaft rests upon bearings 40, 42 and is positioned between bearings 40, 42 and 

10 bearing 38. The bearings enable shaft 44, and hence, catheter needle assembly 47 to be 

1 1 translated toward and away from housing 50. Shaft 44 further includes stops 41, 43 

12 respectively disposed toward the shaft distal and proximal ends. Stop 41 interfaces bearing 

1 3 40, while stop 43 interfaces bearing 38 to restrict shaft translational motion in order to 

1 4 maintain the shaft within bearing assembly 45 . 

1 5 Bearing assembly 45 is rotatably attached to housing 50 and may be manipulated 

1 6 relative to housing 50 about an axis of rotation of bearing 42. The bearing assembly rotation 

1 7 enables catheter needle assembly 47 to be manipulated with various pitches (e.g., forward and 

1 8 backward), thereby enabling simulation of various angles of needle insertion into the 

19 simulated human anatomy. Housing 50 supports bearing 42, thereby coupling bearing 

20 assembly 45 to the housing. The housing is attached to base 60 via a bearing 58 to enable the 

2 1 housing, and hence, the catheter needle assembly to rotate relative to the base. The rotational 

22 motion of housing 50 provides simulation of needle insertion with various yaw positions. 

23 The various motions of the bearing assembly, housing and shaft enable the system to simulate 

24 three degrees of freedom (e.g., pitch, yaw and translation) of the catheter needle assembly. 

25 The degrees of freedom of catheter needle assembly motion are measured via 

26 potentiometers and encoders. In particular, a pitch potentiometer 56 is attached to housing 50 

27 and coupled to bearing assembly 45 via a coupling 59 disposed within the housing. Coupling 

28 59 includes a longitudinal bar 55 and a transverse bar 53. Longitudinal bar 55 extends 

29 substantially along a longitudinal axis of housing 50 from bearing assembly 45, while 

30 transverse bar 53 extends substantially along a housing transverse axis from a distal end of 

3 1 longitudinal bar 55 to a coupling shaft 57. The distal end of transverse bar 53 is secured to 

32 shaft 57 via substantially annular disc 5 1 . Potentiometer 56 is attached to coupling shaft 57 
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1 to measure rotation of that shaft, and hence, the pitch of catheter needle assembly 47. 

2 Basically, manipulation of bearing assembly 45 about an axis of rotation of bearing 42 causes 

3 longitudinal bar 55 to translate substantially along the housing longitudinal axis. The 

4 translational motion similarly causes the proximal end of transverse bar 53 to translate with 

5 longitudinal bar 55. The translational motion of the proximal end of transverse bar 53 

6 enables the transverse bar distal end to rotate coupling shaft 57, whereby potentiometer 56 

7 measures the coupling shaft rotation, thereby indicating the angle of pitch of shaft 44 (e.g., 

8 forward or backward angle). A yaw potentiometer 62 is disposed below and attached to base 

9 60 via an arm 64 and a pin 66 connecting the arm to the base. A shaft 61 extends from yaw 

1 0 potentiometer 62 through base 60 to bearing 58 and housing 50, whereby the yaw 

1 1 potentiometer measures rotation of housing 50, and hence, yaw position of catheter needle 

12 assembly 47. The communications interface receives the signals from potentiometers 56, 62 

1 3 indicating catheter needle assembly manipulation (e.g., pitch and yaw) and transmits the 

14 signals to computer system 25 for processing. A force feedback unit 54 is disposed within 

1 5 housing 50 to provide feedback force to the catheter needle assembly for a realistic 

16 simulation. The force feedback unit is coupled to shaft 44 via a tension member 33 to impede 

17 shaft motion based on control signals received from computer system 25 via communications 

1 8 interface 24. The communications interface may include digital to analog converters (DAC) 

19 to convert control signals from computer system 25 to analog signals to control the force 

20 feedback unit. A translation encoder 52 is attached to housing 50 and coupled to a shaft (not 

21 shown) of force feedback unit 54 to measure rotation of the force feedback unit shaft or 

22 translational motion of shaft 44. The communications interface determines an encoder pulse 

23 count indicating catheter needle assembly translational motion and transmits this information 

24 to computer system 25. 

25 Force feedback unit 54 applies force to impede motion of shaft 44 and provide a 

26 realistic feel to catheter needle assembly 47 as illustrated in Fig. 6. Specifically, force 

27 feedback unit 54 includes a force feedback device 98, having a shaft 102, and an offset pulley 

28 1 00. Force feedback device 98 may be implemented by an electromagnetic brake or electric 

29 motor or other force generating device and is typically partially disposed within offset pulley 

30 100. Shaft 102 extends through force feedback device 98, whereby offset pulley 100 is 

3 1 attached to the shaft via a set screw 1 04. Force feedback device 98 is typically attached to 

32 housing 50 via fasteners 97, and applies force to shaft 102 to impede offset pulley rotation. 
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1 Tension member 33 is wound about offset pulley 100 with each tension member end 

2 respectively attached to the proximal and distal ends of shaft 44. In other words, tension 

3 member 33 extends from the distal end of shaft 44 (Fig. 4) over bearing 42 to offset pulley 

4 1 00, whereby the tension member extends around the offset pulley and back over bearing 42 

5 to the shaft proximal end. Thus, as shaft 44 translates, tension member 33 causes offset 

6 pulley 100 to rotate. Force feedback device 98 impedes offset pulley rotation, thereby 

7 requiring additional force to move shaft 44 and imparting a realistic feel to the simulation. A 

8 translation encoder 52 is disposed on housing 50 and connected to shaft 102 to measure 

9 rotation of that shaft and provide an indication of the translation motion of shaft 44 or 

1 0 catheter needle assembly. 

1 1 Skin traction mechanism 36 simulates preparing a human anatomy prior to 

12 commencing a vascular access procedure as illustrated in Fig. 7. Specifically, skin traction 

13 mechanism 36 includes a casing 127 (Fig. 3), belt pulleys 1 12, 1 15, a belt 108, belt tension 

14 springs 122, belt positioning spring 118 and a resilient backing 1 13. Belt pulleys 1 12, 1 15 are 

15 typically substantially cylindrical and are disposed at opposing ends of casing 127. Belt 108 

16 is disposed about the belt pulleys and includes a length slightly less then the length of a path 

17 around the pulleys such that a slight gap exists between belt ends. The belt ends include 

18 grommets 124, whereby belt tensioning springs 122 are disposed within grommets of each 

1 9 belt end to securely fasten the belt about the pulleys. Belt positioning spring 1 1 8 is disposed 

20 within a belt grommet 124 and extends from that grommet to a support 121 within casing 

21 1 27. The belt positioning spring moves the belt over belt pulleys 112, 1 1 5 in a direction 

22 opposing the belt positioning spring tension when forces are applied to the belt (e.g., when 

23 the belt is manipulated by a medical professional). Resilient backing 1 1 3 is disposed beneath 

24 belt 1 08 to enable simulation of skin resiliency. A two-surface bearing member 126 is 

25 disposed beneath resilient backing 1 13 to provide two smooth bearing surfaces to support 

26 pressure on belt 108 and enable low friction belt motion. A potentiometer 1 14 is connected 

27 to a shaft of belt pulley 1 12 to measure rotation of that belt pulley and provide an indication 

28 of belt motion to computer system 25 via communications interface 24. The skin traction 

29 mechanism further includes slots 130 and a pin 132 for connecting the mechanism to case 32 

30 (Fig. 3) of the interface device. Thus, the skin traction mechanism provides the realistic feel 

31 of a human anatomical surface. 

32 Operation of the vascular access training system is described with reference to Figs 1 - 
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1 7. Initially, the vascular access training system includes various modules, such as a vascular 

2 access module covering peripheral vascular access, whereby a medical professional selects a 

3 module corresponding to a desired simulation. The system executes the selected module and 

4 permits the medical professional to select a case study, while providing a case history for the 

5 selected case. A series of videos and other training elements are presented to the medical 

6 professional, whereby the medical professional interacts with the system via keyboard and 

7 mouse to answer inquiries and/or make selections. Subsequent to training, the vascular 

8 access procedure is simulated by manipulation of interface device 30, whereby the system 

9 simulates the anatomy corresponding to the selected case. For example, if the procedure 

1 0 includes catheterization of the back of a hand, a hand is displayed on monitor 28 (e.g., as 

1 1 illustrated in Fig. 2). The simulated hand is modified by the system based on manipulation of 

12 skin traction mechanism 36 and catheter unit assembly 34. 

13 During an actual procedure, the skin is typically retracted to facilitate locating veins. 

14 Skin traction mechanism 36 simulates this procedure wherein the medical professional 

1 5 typically applies force to belt 1 08 (e.g., with a thumb) similar to the manner in which such 

16 force is applied to the skin of a patient. The force applied to belt 108 deforms resilient 

1 7 backing 1 1 3 in a manner similar to deforming the skin of a patient. The belt is typically 

1 8 manipulated away from the interface device toward the medical professional to simulate the 

19 feel of placing the skin of a patient in traction. As force is applied to the belt, belt positioning 

20 spring 1 1 8 provides a resistive force that is felt by the medical professional. The belt motion 

21 causes belt pulleys 112, 1 15 to rotate wherein rotation of belt pulley 1 12 is measured by 

22 potentiometer 1 14. The potentiometer sends a signal to computer system 25, via 

23 communications interface 24, indicating the belt motion. Computer system 25 processes the 

24 signal and depicts deformation of the simulated skin under traction in a manner similar to that 

25 of a real patient. In other words, the simulation system shows visually on monitor 28 the 

26 simulated skin being placed in traction and the simulated vein under the skin appears 

27 stretched for easier access with the simulated needle. 

28 Once the simulated skin is in traction, the medical professional utilizes mouse 22 to 

29 position a virtual needle above a vein. The catheter needle assembly is manipulated in 

30 various degrees of freedom (e.g., pitch, yaw, translation) to place the needle within the 

3 1 simulated patient. The system measures each degree of freedom to alter the display based on 

32 the manipulation. Specifically, translational motion of catheter needle assembly 47 causes 
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1 shaft 44 to translate. The translational motion of shaft 44 enables tension member 33 to 

2 rotate offset pulley 1 00. Encoder 52 measures the rotation of offset pulley 1 00 and the 

3 encoder provides a signal to computer system 25, via communications interface 24, indicating 

4 needle translational motion. 

5 Manipulation of catheter needle assembly 47 to vary pitch causes longitudinal and 

6 transverse bars 53, 55 to rotate coupling shaft 57 as described above. The coupling shaft 

7 rotation is measured by potentiometer 56 that provides a signal to computer system 25, via 

8 communications interface 24, indicating pitch of the needle. Further, manipulation of the 

9 catheter needle assembly to vary yaw causes housing 50 to rotate on bearing 58 as described 

10 above. Potentiometer 62 measures this rotation and provides a signal to computer system 25, 

1 1 via communications interface 24, indicating yaw of the needle. As the medical professional 

12 manipulates the needle to an appropriate position and angle, the manipulation degrees of 

13 freedom are measured to enable computer system 25 to adjust the display on monitor 28. 

14 When the needle is manipulated to a desired position as viewed on monitor 28, the 

15 medical professional pushes the needle into the catheter unit assembly. The display shows 

16 the needle approaching and dimpling the skin based on the needle manipulation as measured 

17 by the encoders and potentiometers described above. The system senses the needle breaking 

1 8 the skin of the simulated patient and controls force feedback device 98 to provide force 

19 feedback to the medical professional by impeding rotation of offset pulley 100 as described 

20 above. When various errors are committed during the simulated procedure, such as going 

21 through the vein, the system simulates hematoma or provides various pain-like sounds. The 

22 simulation further provides appropriate behavior to the medical practitioner, such as 

23 flashback, that is visible in a transparent handle of the needle assembly shown on the display. 

24 It will be appreciated that the embodiments described above and illustrated in the 

25 drawings represent only a few of the many ways of implementing an interface device and 

26 method for interfacing instruments to vascular access simulation systems. 

27 The potentiometers and encoders may each be implemented by any conventional 

28 encoders or potentiometers, such as optical encoders, linear encoders or transducers, or 

29 potentiometers. For example, a linear set of light and dark lines may be disposed on shaft 44, 

30 whereby an encoder may be used to sense motion of the shaft with a linear target. The force 

3 1 feedback unit may be implemented by a mechanical brake, electromagnetic brake, electric 

32 motor or other actuator, and may impede or enhance pulley rotation to respectively require 

16 



WO 99/3931 5 PCT/US99/01 822 

1 additional or less force to manipulate an instrument. Further, additional force feedback units 

2 may be employed to impede or enhance rotational motion of the catheter needle assembly, 

3 and to provide rotational and translational force feedback to additional instruments (e.g., wire, 

4 catheter, etc.) utilized in a simulation. Moreover, the rotational element of the force feedback 

5 unit may be implemented by a linear element, such as a linear magnetic drive or a rack and 

6 pinion drive. In addition, frictional braking may be directly applied to shaft 44 to impede 

7 shaft motion. 

8 The skin traction mechanism may utilize a touch pad (e.g., computer touch pad) to 

9 provide motion in two dimensions to permit both direction and magnitude of the stretch to be 

10 measured. Further, a force stick, such as those manufactured by IBM, may be utilized by the 

1 1 skin traction mechanism to provide two dimensional skin traction. Moreover, a flexible 

12 model covered with a flexible fabric interwoven with fiber optic cables may be utilized to 

1 3 implement the skin traction mechanism. The flexible fiber optic cables change light 

14 transmission characteristics with stretch, thereby enabling determination of skin traction of a 

1 5 forearm, hand or other anatomical element. In addition, the skin traction mechanism may be 

16 configured to stretch or provide motion in any, or in any quantity of, directions or dimensions. 

1 7 The interface device may include additional sensing devices at various locations on 

1 8 and/or within the interface device to sense touching or applying pressure to the anatomical 

19 element (e.g., to stop blood flow as the device attached to the end of the catheter hub is 

20 changed). These pressure devices may be implemented by various pressure pads, such as 

2 1 those utilizing piezo-electric techniques or flexible fabric. Further, the interface device may 

22 measure and apply force feedback in any, or in any quantity of, degrees of freedom for 

23 enhanced simulation. For example, the interface device may further permit and measure 

24 rotation of the catheter needle assembly for enhanced simulation. 

25 The interface device of the present invention may be utilized with various elongated 

26 or other instruments (e.g., needles, catheters, wires, sheaths, etc.) for simulating a variety of 

27 medical procedures, and is not limited to the specific instruments or applications disclosed 

28 herein. The simulation system may simulate any anatomical sites and/or any types of blood 

29 vessels (e.g., veins, arteries, etc.) for performing simulated procedures. Further, the interface 

30 device may be utilized with actual instruments to permit medical practitioners to train with 

3 1 instruments used during medical procedures. The computer system of the simulation system 

32 may be implemented by any conventional or other processing system. The communications 
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1 interface may include any circuitry (e.g., analog to digital converters, digital to analog 

2 converters, etc.) and/or processors to transfer and/or convert signals for compatibility between 

3 an interface device and processing system. The functions of the communications interface 

4 may further be performed within the interface device or processing system. 

5 The various encoders, potentiometers, pulleys, belts and other components of the 

6 present invention may be implemented by any conventional or other types of components 

7 performing the above-described functions. The components may be of any shape or size, may 

8 be constructed of any suitable materials, and may be arranged in any fashion within the 

9 interface device. The belt and tension member may be constructed of any suitable material, 

10 and may be implemented by any belt, cable, rope, chain or other suitable device. The belt and 

1 1 tension member may be disposed in any fashion within the interface device. The pulleys may 

12 be implemented by any type of pulley, gear or other device, while the bearings may be 

1 3 implemented by any type of conventional bearing, roller or other device enabling shaft 

14 motion. The housings or casings and components of the interface device, catheter unit 

1 5 assembly and traction mechanism may be of any size or shape, and may be constructed of any 

1 6 suitable materials. The set screw utilized in the present invention may be implemented by any 

1 7 conventional set screw or any other conventional securing device. 

18 It is to be understood that the terms "upper", "lower", "top", "bottom", "side", 

19 "length", "up", "down", "front", "rear", and "back" are used herein merely to describe points 

20 of reference and do not limit the present invention to any specific configuration or orientation. 

21 From the foregoing description, it will be appreciated that the invention makes 

22 available a novel interface device and method for interfacing instruments to vascular access 

23 simulation systems wherein various instruments are interfaced to a vascular access simulation 

24 system to simulate performance of a variety of vascular access procedures. 

25 Having described preferred embodiments of a new and improved interface device and 

26 method for interfacing instruments to vascular access simulation systems, it is believed that 

27 other modifications, variations and changes will be suggested to those skilled in the art in 

28 view of the teachings set forth herein. It is therefore to be understood that all such variations, 

29 modifications and changes are believed to fall within the scope of the present invention as 

30 defined by the appended claims. 
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1 1 . An interface device for interfacing instruments to a simulation system to 

2 enable a user to interact with the simulation system to perform a medical procedure on a 

3 simulated anatomy of a virtual patient, said interface device comprising: 

4 a peripheral in the form of a mock medical instrument capable of selective 

5 manipulation by the user; 

6 a site mechanism selectively manipulable by the user to simulate manipulation and 

7 preparation of an anatomical site for performing said medical procedure, wherein said 

8 mechanism includes sensing means to measure manipulation of said mechanism and provide 

9 signals indicating said manipulation to said simulation system; 

10 a sensing assembly to measure manipulation of and provide force feedback to said 

1 1 instrument, wherein said sensing assembly includes: 

12 motion detection means to measure manipulation of said instrument and 

13 provide signals indicating said measured manipulation to said simulation system to 

1 4 simulate said medical procedure; and 

15 force application means to apply force feedback to said instrument in response 

16 to control signals from said simulation system. 

1 2. The device of claim 1 wherein said site mechanism simulates placing skin in 

2 traction. 



1 3. The device of claim 1 wherein said instrument includes a catheter needle 

2 assembly, and said medical procedure includes a vascular access procedure. 

1 4. The device of claim 3 wherein said instrument further includes a wire inserted 

2 through said catheter needle assembly, and said motion detection means further includes wire 

3 motion detection means to measure manipulation of said wire and provide signals indicating 

4 said measured manipulation to said simulation system to simulate said medical procedure. 
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1 5. A method for interfacing instruments to a simulation system, via an interface 

2 device, to enable a user to interact with the simulation system to perform a medical procedure 

3 on a simulated anatomy of a virtual patient, said method comprising the steps of: 

4 (a) inserting a peripheral in the form of a mock medical instrument into said interface 

5 device, and selectively manipulating said instrument within said interface device; 

6 (b) manipulating a site mechanism to simulate manipulation and preparation of an 

7 anatomical site for performing said medical procedure; 

8 (c) measuring manipulation of said mechanism and providing signals indicating said 

9 manipulation to said simulation system; 

1 0 (d) measuring manipulation of said instrument and providing signals indicating said 

1 1 measured manipulation to said simulation system to simulate said medical procedure; and 

12 (e) applying force feedback to said instrument in response to control signals from said 

1 3 simulation system. 

1 6. The method of claim 5 wherein step (b) further includes: 

2 (b. 1 ) manipulating said site mechanism to simulate placing skin in traction. 

1 7. The method of claim 5 wherein said instrument includes a catheter needle 

2 assembly, and said medical procedure includes a vascular access procedure. 

1 8. The method of claim 7 wherein said instrument further includes a wire, and 

2 step (a) further includes: 

3 (a. 1) inserting said wire through said catheter needle assembly; and 

4 step (d) further includes: 

5 (d. 1) measuring manipulation of said wire and providing signals indicating said 

6 measured manipulation to said simulation system to simulate said medical procedure. 
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